T HE DIAGNOSIS of coronary stenosis can be made easily from the history alone if typical symptoms of angina pectoris are present. When these symptoms are atypical, however, the diagnosis is more difficult. For instance, pleural or pericardial irritation, intercostal neuralgia or sternal or humeral bursitis may be aggravated by exercise, and spastic pain from the gastrointestinal tract may be also partly relieved by nitroglycerin.14 If the patient happens to know the typical subjective complaints of angina, he may consciously or unconsciously shape his own symptoms to resemble them. On the other hand, true angina may sometimes be characterized by a completely atypical localization of the pain.
We know now that true anagina is caused by insufficient blood supply to the heart, and this insufficiency should also affect the heart muscle and be reflected in the electrocardiogram. If the resting electrocardiogram shows definite signs of acute coronary insufficiency, Ino further tests are needed to confirm the clinical diagnosis. If the electrocardiogram is within normal limits, however, or shows changes that can be explained by other factors than coronary stenosis, it becomes necessary to wait for a spontaneous anginal attack, or to submit the patient to the conditions that usually provoke his anginal complaints to see whether a deficiency of the coronary circulation then becomes apparent. These conditions act usually by increasing the work of the heart and its oxygen consumption until the coronary circulation, which can only increase to a limited degree because of the Aided by grants H-160 and H-1486 of the National Heart Institute, U. S. Public Health Service.
Part of this work was done by Dr. Lepeschkin during the tenure of an established investigatorship of the American Heart Association. existing coronary stenosis, can no longer keep up with the metabolic needs of the heart muscle. A test of this kind becomes necessary also in persons with diabetes, myxedema, or other types of hypercholesteremia, and in applicants for insurance or for positions of unusual responsibility or physical endurance, who may have no symptoms or dissimilate them.
Among the most common factors that can provoke coronary insufficiency are physical exercise, sympathetic stimulation, and epinephrine discharge caused by emotional factors or by cold. The epinephrine test in angina pectoris has been found too unreliable and dangerous,5 since the individual response to injected epinephrine varies, and it is impossible to neutralize the effect of epinephrine rapidly.
The most easily controlled test is the electrocardiographic exercise test; this was first used in 1931 by Wood and associates,6 who, however, did not recommend it for clinical use. The test first applied widely by Scherf and Goldhammer in 1932T consists of sitting up, doing knee bends, or climbing 1 to 3 flights of stairs, according to the severity of the patient's complaints; in this test, however, the amount of exercise cannot be controlled exactly, and an electrocardiogram cannot be taken at any time if serious symptoms should develop. These objections are eliminated in the "2-step test"' designed by Master, [8] [9] [10] which the patient walks up and down a short flight of stairs consisting of a central step 18 inches high and 2 side steps 9 inches high, while still attached to the electrocardiograph, so that a tracing can be registered immediately if angina pain should develop. The advantage of this test compared to the bicycle ergometer, leg exercise,"' step-up tests,12 or the treadmill'3 is that it requires minimum equipment and involves a type of work to which everyone is accustomed, thus minimizing the effect of training.
Circulation, Volume C. pattern of left ventricular hypertrophy or of bundle-branch block with only secondary T and S-T changes,32 or of borderline T and S-T changes33 (e.g., low T waves and a horizontal S-T without depression). In all these cases it is necessary to make certain that the patient does not have the symptoms of impending myocardial infarction; if anginal complaints appear at rest or without apparent cause, the electrocardiogram should be repeated after a few days and the test should be done only if there is no change. The exercise test may precipitate or aggravate myocardial infarction once coronary thrombosis has started. Although more than 50,000 exercise tests have been reported in the literature, the occurrence of myocardial infarction on the day following the test was reported in only 6 instances, and in none of these were the above precautions observed ;34 in most cases the electrocardiogram had returned to normal following the test,1 34 so that the coincidence of the test and the myocardial infarction was probably fortuitous.
In the original Master test, the patient is asked to walk faster or slower,'if it becomes apparent that he will not complete the required number of trips in 11/2 or 3 minutes; this may cause a variable rate of exercise during the last trips of the test, by which the subsequent electrocardiogram is influenced most. This difficulty can be remedied partly by controlling the number of trips completed at the end of each 30-second interval of the test. Another solution is to have the patient climb each step to the rhythm of a metroinome, allowing 2 counts for the ascent, 2 for the descent, and 1 for turning around; the number of counts per minute can be determined from table 1 by multiplying the number of ascents by 10 The electrocardiographic changes muost important in the diagnosis of coronary insufficiency are those of the T wave and S-T segment, and it is important to know the normal behavior of these electrocardiographic components during and after exercise.5 The sympathetic stimulation that appears at this time leads to an increase in voltage of the P wave and of the atrial T wave (Ta or Tp wave) that follows it. This wave has a direction opposite to that of the main area of the P wave and a duration corresponding to that of the ventricular T wave. As long as the P-R interval remains within normal limits, the Tp wave is superimposed on the P-R interval, the QRS complex, anid the initial portion of the S-T segment. Because of tachyeardia the descending branch of the elevated U wave also becomes superimposed on these deflections. As a result, the P-R segment assumes a more or less steep downward course and causes the S-T junction to appear depressed when compared to the beginning of the P wave or to the beginning of the QRS complex.
Master considered that the normal depression of the S-T junction after his exercise test should not exceed 0.5 mm., measured from the level at the end of P-R in any lead, but such a depression was actually found in plex ( fig. 1) T-wave inversion inlnormial persons mavbe due to two mechanisms. Persoiis with QRS complexes of high voltage an-d duration and low resting T waves (this is especially common in tall, slender persons) may show Twave inversion in leads showing positive QRS area when the heart rate becomes fast, simply because of the normal decrease of the ventricular gradient with the heart rate. The ventricular gradient in such persons usuallv does not show a significant decrease when it is corrected for heart rate26 ( fig. 3 ). This gradient may allow differentiation between this normal variant and a borderline abnormal response. Injestion of potassium was seen to prevent this response in some cases.42 The second type of T-wave inversion appears also in leads V2 to V4, where the main area of QRS is negative, usually when the heart rate has almost returned to resting values (fig. 4) in some of them it also appeared after hyperventilation without exercise.20 The mechanism of this type of T-wave inversion is not clear, but it can also be prevented in some cases by ingestion of potassium.37 Perhaps the high incidence of women among persons showing this type of T-wave inversionl is related to the longer persistence in women of the almost identical juvenile T-wave pattern, which can also be normalized by ingestion of potassium.5
In typical angina pectoris, T-wave inversion often follows significant S-T depression after the exercise test, anld usually appears at a time when the heart rate has almost returned to normal values5' 20 ( fig. 5 ). It is probably caused by delayed repolarization in and around the regions of the left ventricle that showed the acute injury current immediately after exercise, possibly because of loss of potassium, calcium, or magnesium from the cell.5 There are no statistical studies available, but the general impression is that persons who show significant changes of both S-T and T tend to have more severe angina than those with S-T changes a'one. In asymptoinatic persons after exercise this pattern was iuch niore common in persons over 40 (1.7 per cent) than those under 40 (0.3 per cent); it is therefore more likely to be caused by early coronary disease. 12 It has been suggested20 that an excessive elevation of the T wave after exercise signifies a pathologic responise. An elevated T wave of pointed configuration can be expected to appear as a late phase of the subendocardial injury pattern in leads that previously had shown depression of S-T, just as pointed, inverted T waves appear in subepicardial injury in leads showing S-T elevation.5 On the other hand, elevation of T is also part of the physiologic response to exercise, where it can be caused partlv by elevation of serum potassiumn, and partly by an increase of intraventricular temperature gradients due to increased cardiac heat production. Figure 5 Significant depression of S-T and inversion oa! T in leads I and V 1 -to V; (tfter a single In the pattern of left ventricular hypertrophy with a high positive QRS area and low T waves in left precordial leads, any acceleration of the heart may cause T to become diphasic and S-T to become depressed due to a decrease of Q-T duration and the ventricular gradient.5 To be sure, increase in diameter of muscle fibers alone makes diffusion of oxygen into the interior of the fiber more difficult and, together with the increase in myocardial oxygen consumption resulting from increased cardiac work, may lead to coronary insufficiency.5 17 In case of aortic valvular disease additional factors that may lead to coronary insufficiency are a low mean arterial pressure and the possibility of syphilitic coronary stenosis. In all published and personal cases of left ventricular hypertrophy without anginal complaints, however, the abnormal S-T and T-wave changes after exercise were confined to leads with a large positive QRS area and were usually accompanied by inversion or more negative configuration of the T wave, as in the typical pattern of left ventricular "strain."26 If significant S-T depression appeared also-in leads with negative mean area of QRS, or was accompanied by peaked and elevated upright T waves, typical symptoms of angina pectoris were usually present. This was also the case if the U wave became more inverted after exercise; in the pure ventrieular "strain" pattern the U wave usually became more positive. 26 We know that bundle-branch block in itself does not necessarily indicate heart disease,5 and an exercise test can be of value in making the diagnosis of coronary stenosis also in this condition. 32 In right bundle-branch block the effect of tachyeardia is to accentuate the slight elevation of S-T and tall T waves in leads were present at the beginning, also disappeared toward the end of exercise ("second wind").46 This latter feature seems to be characteristic of the " variant form of angina" described by Prinzmetal and co-workers,'0 which is attributed to spasm of a diseased coronary artery rather than organic stenosis. In the majority of the reported cases, however, the normalization was probably due to a secondary elevation of T and S-T caused by tachyeardia in leads with a negative QRS area, to superposition of the normal elevation of T after exercise, or to the appearance of a beginning acute injury current in the region of an old myocardial infaretion or localized coronary stenosis. In a small percentage of cases elevation of S-T as in acute myocardial infaretion appears transiently after exercise or in the spontaneous attack of angina ;3 in these cases the typical Q waves of myocardial infaretion usually develop soon in leads previously showing S-T elevation.5' 10, 45 The S-T changes may be attributable in these cases to a severe stenosis of a smaller coronary artery branch rather than to a mild stenosis of a larger branch. When coronary stenosis is mild, most of the blood passing through it in systole is channeled into the more subepicardially situated arterioles, since intramyocardial systolic pressure decreases continuously from the subendocardial to the subepicardial muscle layers; this leads to greater myocardial isehemia in the subendocardial muscle layers, and the typical depression of S-T in unipolar leads facing the affected area. 
